1. Introduction {#sec1-diagnostics-10-00510}
===============

The growing burden of metabolic syndrome (MS), a precursor of cardiovascular diseases (CVD) and diabetes mellitus (DM), currently poses as a serious threat, increasing cardiovascular risk (CVR) and coronary heart disease (CHD) mortality worldwide \[[@B1-diagnostics-10-00510],[@B2-diagnostics-10-00510],[@B3-diagnostics-10-00510]\]. The condition is highly prevalent (range from 11.6% to 49%) and is expected to become more prevalent in the future \[[@B4-diagnostics-10-00510],[@B5-diagnostics-10-00510],[@B6-diagnostics-10-00510]\]. Early identification and treatment of MS components are essential for the prevention and reduction of cardiovascular events and DM. The presence of various ethnic, anthropometric, and genetic differences in the Asian region prompts the adaptation of existing diagnostic MS scales \[[@B7-diagnostics-10-00510],[@B8-diagnostics-10-00510],[@B9-diagnostics-10-00510]\]. Almost all scales and criteria used to determine MS \[[@B10-diagnostics-10-00510],[@B11-diagnostics-10-00510],[@B12-diagnostics-10-00510],[@B13-diagnostics-10-00510]\] are based on the interpretation of the levels of the lipid profile indicators triglycerides (TG) high-density lipoprotein cholesterol (HDL-C).

However, traditional lipid biomarkers cannot provide sufficient accuracy in the measurement of dyslipidemia. Alongside, transporting molecules like apolipoprotein B (ApoB) are present in all atherogenic types of lipoproteins such as low-density lipoprotein cholesterol (LDL-C), very low density lipoprotein cholesterol (VLDL-C), and intermediate-density lipoproteins (IDL), and their determination enables a more precise estimation of atherogenicity than the conventional lipid profile \[[@B14-diagnostics-10-00510],[@B15-diagnostics-10-00510]\]. Apolipoprotein A1 (ApoA1), an antiatherogenic lipoprotein transporting molecule, constitutes a major part of HDL-C \[[@B16-diagnostics-10-00510],[@B17-diagnostics-10-00510]\]. ApoA1 is considered a favored alternative to HDL-C in the prediction of cardiovascular diseases, insulin resistance, and DM \[[@B18-diagnostics-10-00510],[@B19-diagnostics-10-00510],[@B20-diagnostics-10-00510],[@B21-diagnostics-10-00510]\]. Thus, the ApoB/ApoA1 ratio appears to be a more balanced and comprehensive indicator of lipid metabolism and prediction of CVDs, DM, and MS \[[@B22-diagnostics-10-00510],[@B23-diagnostics-10-00510],[@B24-diagnostics-10-00510],[@B25-diagnostics-10-00510]\].

Several studies have reported the relationship between ApoB/ApoA1 ratio and MS in different ethnic cohorts, including European and South-Asian populations \[[@B16-diagnostics-10-00510],[@B17-diagnostics-10-00510],[@B26-diagnostics-10-00510],[@B27-diagnostics-10-00510]\]. Nevertheless, the validity of the ApoB/ApoA1 ratio as a potential criterion for MS diagnosis is still unknown for the Central Asian populations. Since there are no data available on the comparative diagnostic significance of ApoB/ApoA1 ratio, TG, and HDL-C for MS in Central Asia, we aimed to investigate the relationship between MS and ApoB/poA1 ratio and to evaluate the possibility of using the ApoB/ApoA1ratio as an alternative to TG and HDL-C for the diagnosis of MS in the Kazakh population.

2. Experimental Section {#sec2-diagnostics-10-00510}
=======================

This is an analytical cross-sectional study which included 16 primary-care centers (PHCs) of Semey city in the East Kazakhstan region of the Republic of Kazakhstan. Recruitment and examination were carried out from 6 April 2015 to 31 December 2016. All those who met the inclusion criteria (being a resident of East Kazakhstan and diagnosed with hypertension) were invited for interviews, examination, and laboratory tests. The participants were provided with information about the study objectives and were enrolled after signing the informed consent. The ethical approval of the study was granted by the Ethics Committee (dated 18 February 2015 and Identification No. 0115РК1862) of Semey State Medical University, Ministry of Health of Republic of Kazakhstan. Of the total 800 eligible participants comprising both men and women with a confirmed diagnosis of essential hypertension (HT) \[[@B28-diagnostics-10-00510]\], aged 25--75 years, only 704 participants who had complete information were included in the study. The exclusion criteria included previous stroke, myocardial infarction, existing diabetes mellitus, hypothyroidism (or taking thyroid hormones), thyrotoxicosis (or taking antithyroid agents), benign and malignant neoplasms, mental illness, pregnant and lactating women, and those who took statins on a regular basis for less than six months before involvement in the study.

2.1. Sampling {#sec2dot1-diagnostics-10-00510}
-------------

Two-stage sampling was performed. We randomly selected 16 out of 40 general practices (GP) in Semey city. Then, sample frames were developed for potential participants from every GP based on the lists of hypertensive patients who met the inclusion criteria. In the second stage, we drew out 50 participants from every unit. Randomization was performed by simple random sampling through a computer program for generating random numbers.

2.2. Variables {#sec2dot2-diagnostics-10-00510}
--------------

The primary risk factor was Apolipoprotein B/Apolipoprotein A1 ratio; the outcome was metabolic syndrome. The analysis included indicators of the lipid spectrum, i.e., LDL-C, HDL-C, TG, Apo B, and Apo A1. All other factors, such as gender, age, education, income, alcohol use, smoking, physical activity, were considered as potential interfering factors. MS was diagnosed by the International Diabetes Federation Criteria (IDF 2006) and based on blood pressure \> 130/85 mmHg, waist circumference \> 94 cm in males and \> 84 cm in females or body mass index (BMI) \> 0 kg/m^2^, hypertriglyceridemia \> 1.7 mmol/L, reduced HDL-C \< 1.03 mmol/L in males and \< 1.29 mmol/L in females, and hyperglycemia--fasting plasma glucose (FPG) \> 5.6 mmol/L \[[@B9-diagnostics-10-00510]\].

2.3. Data Collection {#sec2dot3-diagnostics-10-00510}
--------------------

All data for each study participant were entered into an individual registration card and coded. Then, a single electronic database was obtained. Confidentiality and privacy of the data were ensured throughout the study, as only the project manager and the data entry operator had access to the electronic database. The database will be stored for up to 5 years, after which it will be destroyed. All participants were asked to fill out a questionnaire, which included socio-demographic indicators (gender, age, education, income), physical activity level, harmful habits (smoking), alcohol consumption, heredity for cardiovascular disease, and hypertension. Data on comorbidity were obtained from the medical records. Dietary assessment was performed by a validated questionnaire, determining the Dietary Quality Score (DQS) \[[@B29-diagnostics-10-00510]\], translated into Russian. Eating habits were evaluated in three categories: unhealthy (1--4 points), intermediate (4--6 points), and healthy (7--9 points).

2.4. Anthropometry Data and Blood Pressure Measurements {#sec2dot4-diagnostics-10-00510}
-------------------------------------------------------

Measurement of height and weight was carried out by certified nurses in the pre-doctor room of PHCs according to the recommendations given by the European Society of Hypertension (ESH) and the European Society of Cardiology (ESC) \[[@B28-diagnostics-10-00510]\]. Height and weight were measured using standardized stadiometer and scale. Measurement of blood pressure (BP) was carried out by the Korotkov method at rest in a sitting position with a membrane sphygmomanometer as per ESC, 2013, page 2168 \[[@B28-diagnostics-10-00510]\]. We performed two consequent measurements for every participant and used their mean. BMI was classified as by WHO into three categories: normal weigh, \<25 kg /m^2^, overweight, 25--29.9 kg /m^2^, and obesity, \>30 kg/m^2^.

2.5. Laboratory Data {#sec2dot5-diagnostics-10-00510}
--------------------

All blood samples were taken in the morning via intravenous venesection after a fasting period of 12 h as a minimum. ApoA1 and ApoB were measured by the immunoturbidimetric method using the analyzer "Cobas 6000", biochemical module c501, Roche Diagnostics GmbH (Registration certificate No. РК-МТ-712668, Republic of Kazakhstan). The test systems Tina-quant Apolipoprotein A-1 ver.2 and Tina-quant Apolipoprotein B ver.2, manufactured by Roche Diagnostics GmbH, were used. The reference values did not differ from the generally accepted ones. Additionally, the levels of TC, LDL-C, HDL-C, TG, fasting glucose, and glucose tolerance were measured. The glucose tolerance test (GTT) was carried out in a standard manner with 75 g of glucose powder dissolved in 0.5 L of filtered water. Initially the fasting blood sugar levels are measured, and then the glucose solution prepared as mentioned above is given orally after which, the blood is drawn again after two hours to measure the blood sugar levels.

2.6. Diagnostic Criteria {#sec2dot6-diagnostics-10-00510}
------------------------

The diagnosis of hypertension was made based on the recommendations of the ESC \[[@B16-diagnostics-10-00510]\] after exclusion of secondary/symptomatic hypertension. All participants had a confirmed diagnosis of essential HT, registered in medical records, regularly took antihypertensive medications, and were followed up by general practitioners.

MS was diagnosed according to IDF 2006 criteria \[[@B11-diagnostics-10-00510]\], including abdominal obesity or BMI \>30 kg/m^2^ plus two of the following four factors: TG \> 1.7 mmol/L, HDL-C \< 1.03 mmol/L in men and \< 1.29 mmol/L in women, BPsyst \>130 mmHg or BPdiast \> 85 mmHg, plasma glucose \> 5.6 mmol/L.

2.7. Biases {#sec2dot7-diagnostics-10-00510}
-----------

To minimize the selection bias, we performed a two-level sampling; each level was random and allowed the study group to be representative of the target population. To reduce the measurement error, BP, height, and weight measurements as well as laboratory tests were performed in a single laboratory using standard methods. Interviews were conducted in a standardized way by specially trained team staff to decrease observer bias. MS, HT, and obesity were clearly defined and diagnosed according to established criteria before the study.

2.8. Sample Size {#sec2dot8-diagnostics-10-00510}
----------------

Assuming a 95% confidence interval (CI) with 80% power, and ensuring an approximately equal proportion of MS and non-MS subjects in the study group (with a composition of 25% with increased ApoB/ApoA1 ratio among HT patients without MS, and 35% with increased ApoB/ApoA1 ratio among those with MS), we calculated that the total sample size to be 698. Considering the lack of data on the prevalence of elevated levels of ApoB/ApoA1 ratio both in general and among people with MS, as well as anticipating some possible dropouts and self-exit from the study for various reasons, based on the literature review, we recruited a sufficient number of 800 participants in the study.

2.9. Quantitative Variables {#sec2dot9-diagnostics-10-00510}
---------------------------

Indicators of the lipid profile of ApoB/ApoA1, ApoB, ApoA1, TG, LDL-C, HDL-C, TC were employed as quartiles Q1--Q4. MS, gender, alcohol consumption status, gym class attendance, hereditary status for HT and CVD were presented as binary variables. Smoking status was categorized into three groups: not smoking, smoking and quitted. We divided age into five groups (\<39, 40--49, 50--59, 60--69, and \>70 years old). Both education and income were considered as categorical, ordinal variables.

2.10. Statistical Methods {#sec2dot10-diagnostics-10-00510}
-------------------------

Statistical analysis was performed with Stata Statistical Software: Release 15, College Station, TX: StataCorp LLC. Categorical variables were calculated as proportions (%). Chi-squared test or Fisher's exact test (for nonparametric variables) were performed between categorical variables and MS for the preliminary association. The odds ratio (OR) with 95% CI was calculated to identify the association between ApoB/ApoA1 ratio and MS by means of logistic regression. We built a multiple logistic regression model by the stepwise forward method. The significance of covariates included in the final logistic regression model was also assessed by a likelihood ratio test (LRT).

ROC analysis was used to assess the diagnostic significance of the ApoB/ApoA1 ratio in MS, as well as the diagnostic value of the final model of multiple logistic regression, taking into account potential confounders and determining cutoff points based on the trade-off between sensitivity and specificity. Also, ROC analysis was used to compare the areas under the ROC curves for the biochemical markers of the lipid spectrum ApoB/ApoA1, ApoB, ApoA1, HDL-C, and TG for the diagnosis of MS before and after adjustment for the potential confounding factors in the ROC regression model.

2.11. Participants {#sec2dot11-diagnostics-10-00510}
------------------

Primarily, 800 participants met the inclusion criteria. After additional physical and laboratory examination, some of the participants who were diagnosed with DM and CHD were excluded as per the exclusion criteria. Fifty participants had incomplete laboratory examinations. Also, 10 participants refused to participate in the study. Thus, a total of 704 participants entered the final sample.

3. Results {#sec3-diagnostics-10-00510}
==========

3.1. Descriptive Data {#sec3dot1-diagnostics-10-00510}
---------------------

Data of 314 men and 390 women were analyzed. Almost half (54.6%) of them met the criteria of MS, of which 62.8% were women, and 37.2% were men (*p* \< 0.0001). Of the total 704 subjects, 43.3% were overweight, 36.2% were obese, and only 21% had normal weight.

[Table 1](#diagnostics-10-00510-t001){ref-type="table"} presents data on the distribution of the risk factors for MS by gender, age, education, income, smoking and drinking status, gym class visits, heredity for HT and CVD, and the final DQS score. Gender, smoking, and DQS showed a statistically significant association with MS.

Of the 255 participants with obesity, 74.1% met the criteria of MS, whereas 25.9% did not. Among those with a healthy weight, 144 patients, corresponding to 22.9%, had MS, and 77.1% did not.

Among subjects with MS, 12.2% were smokers, 8.6% were quitters, and 79.2% were non-smokers; 99.2% of females with MS were non-smokers. It was also found that the majority (82%) of the participants had a healthy lifestyle, whereas the remaining (18%) had an intermediate-quality lifestyle.

3.2. Components of the Metabolic Syndrome and Other Characteristics of the ApoB/ApoA1 Ratio {#sec3dot2-diagnostics-10-00510}
-------------------------------------------------------------------------------------------

[Table 2](#diagnostics-10-00510-t002){ref-type="table"} shows the distribution of the components of MS and other characteristics across quartiles of the ApoB/ApoA1 ratio. The lowest quartile of ApoB/ApoA1 was twice as common in women, and the fourth quartile was more common in men (*p* \< 0.001). We found that 60% of the subjects with the highest HDL-C values and 2.3% of those with the lowest one presented the ApoB/ApoA1 ratio in the first quartile (*p* \< 0.001). Almost 60% of Q1 and Q4 TG was associated with the Q1 and Q4 of ApoB/ApoA1 ratio, respectively. Nearly half of the participants with a healthy weight had the ApoB/ApoA1 ratio in the lowest quartile, and over one-third (32.6%) of obese cases were associated with ApoB/ApoA1 in Q4. The lowest quartile of ApoB/ApoA1 was predominant for patients with first degree of hypertension (*p* \< 0.05).

3.3. Association between Metabolic Syndrome (MS) and ApoB/ApoA1 Ratio {#sec3dot3-diagnostics-10-00510}
---------------------------------------------------------------------

[Table 3](#diagnostics-10-00510-t003){ref-type="table"} summarizes the results of the relationship between MS and ApoB/ApoA1 ratio, taking the confounding factors into account. To evaluate the association between MS and ApoB/ApoA1 ratio, we developed a final multiple logistic regression model by means of a stepwise forward approach. There was a linear trend of increase in the crude OR of MS across the quartiles of ApoB/ApoA1 (*p* \< 0.0001). Out of all covariates, only gender and DQS were found to be confounding factors for a positive association between MS and ApoB/ApoA1 ratio, making this association stronger across models.

After adjustment, the OR of MS for every quartile of ApoB/ApoA1 became stronger and remained statistically significant.

At fixed values of covariates in the final fitted model of logistic regression, hypertensives in the highest ApoB/ApoA1 ratio quartile had nearly twice the odds of MS compared with those in lowest quartile of ApoB/ApoA1 ratio (OR = 1.99, 95% CI 1.37;3.22, *p* \< 0.001). Women had twice the odds of developing MS as men (OR = 2.1, 95% CI 0.31; 0.73, *p* = 0.001). Smokers showed a 32% reduction in the odds of developing MS than non-smokers (OR= 0.68; 95% CI 0.53; 0.89, *p* = 0.005). Subjects with higher DQS demonstrated a 34% decrease in the odds of MS compared with those with lower DQS (OR = 0.66, 95% CI 0.43;1.00, *p* = 0.052).

3.4. ROC Analysis, Predictive Value of a Fitted Model of Logistic Regression Including Covariates {#sec3dot4-diagnostics-10-00510}
-------------------------------------------------------------------------------------------------

To assess the predictive value of the ApoB/ApoA1 ratio for MS diagnosis, we performed a ROC analysis of the fitted logistic regression model ([Figure 1](#diagnostics-10-00510-f001){ref-type="fig"}). We evaluated the model using the ROC curve before and after adjustment for potential confounding factors. After adjustment for gender, DQS, and smoking, the area under the curve (AUC) increased from 0.67 to 0.72. The cut-off point for the ApoB/ApoA1 ratio decreased from 0.68 (sensitivity 67.2%, specificity 60.6%) to 0.66 (sensitivity 70.1%, specificity 57.8%) ([Figure 2](#diagnostics-10-00510-f002){ref-type="fig"}).

We compared the values of TG and HDL-C with those of the ApoB/ApoA1 ratio and of its components ApoB and ApoA1 as criteria for MS diagnosis ([Figure 3](#diagnostics-10-00510-f003){ref-type="fig"}). The ApoB/ApoA1 ratio and TG demonstrated to be the best predictive parameters of MS, with very similar ROCs (AUC~ApoB/ApoA1~ = 0.67, 95% CI 0.63; 0.71; AUC~TG~ = 0.69, 95% CI 0.65; 0.73, *p*= 0.27, Sidak correction *p* = 0.72).

The diagnostic value of HDL-C appeared to be unreliable because of the small AUC (0.27 vs 0.72 and 0.71 for HDL-C, TG, and ApoB/ApoA1, respectively). After adjustment, 71% of the time, patients with MS had a higher ApoB/ApoA1 ratio than those without MS. Adjusting for gender, DQS, and smoking enhanced the AUC for TG, ApoB/ApoA1 ratio, and ApoB and decreased the AUC for HDL-C and apoA1 ([Table 4](#diagnostics-10-00510-t004){ref-type="table"}).

[Table 5](#diagnostics-10-00510-t005){ref-type="table"} presents data on estimated cutoff values and the validity of lipid biomarkers for the diagnosis of MS before and after adjustment. TG and the ApoB/ApoA1 ratio showed the highest sensitivity and specificity of their cutoff levels before and after adjustment for gender and age, while HDL-C sensitivity and specificity were the lowest.

4. Discussion {#sec4-diagnostics-10-00510}
=============

4.1. ApoB/ApoA1 Ratio vs. TG and HDL-C {#sec4dot1-diagnostics-10-00510}
--------------------------------------

In this study, we found a significant association between MS and ApoB/ApoA1 ratio in the Kazakh population. We also observed a linear trend of the OR of MS across quartiles of the ApoB/ApoA1 ratio (*p* trend = 0.0001). The highest ORs of MS were estimated in Q4 of the ApoB/ApoA1 ratio both before and after adjustment for potential confounding factors, nearly four- and eight-fold higher versus those in Q1, respectively. These findings are in agreement with previous studies \[[@B24-diagnostics-10-00510],[@B25-diagnostics-10-00510],[@B26-diagnostics-10-00510],[@B30-diagnostics-10-00510],[@B31-diagnostics-10-00510]\].

ApoB and ApoA1 are transporting components of atherogenic (LDL-C, VLDC-C, and IDL) and antiatherogenic (HDL-C) lipid profiles, respectively. Abundant evidence has proven a higher predictive ability of the ApoB/ApoA1 ratio for CVDs \[[@B24-diagnostics-10-00510],[@B30-diagnostics-10-00510]\], obesity, insulin resistance \[[@B20-diagnostics-10-00510],[@B21-diagnostics-10-00510],[@B27-diagnostics-10-00510]\], and diabetes \[[@B22-diagnostics-10-00510],[@B31-diagnostics-10-00510]\] over conventional biomarkers. The ApoB/ApoA1 ratio is linked to early atherosclerosis as well \[[@B23-diagnostics-10-00510]\]. In turn, MS is associated with 1.5--3-times higher CVR and CHD mortality and about a 5-times higher risk for DM.

Currently, there are very few studies in the literature focused on the value of the ApoB/ApoA1 ratio for the diagnosis of MS in various ethnic populations, including Chinese, Greek, Korean, Taiwan Chinese, Tunisian, and Bulgarian ethnicities. The predictive value of the ApoB/ApoA1 ratio was compared mostly with those of LDL-C, HDL-C, ApoB, and apoA1 \[[@B26-diagnostics-10-00510],[@B27-diagnostics-10-00510],[@B32-diagnostics-10-00510],[@B33-diagnostics-10-00510],[@B34-diagnostics-10-00510]\]. None of the previous studies evaluated the ApoB/ApoA1 ratio versus the level of TG as a standard laboratory criterion for MS diagnosis. In our research, based on ROC analysis, we estimated almost equal MS diagnostic performances for the ApoB/ApoA1 ratio and TG (AUC = 0.72 and AUC = 0.71, respectively). In contrast, HDL-C, another standard laboratory parameter for MS diagnosis, demonstrated poor diagnostic accuracy (AUC = 0.27).

Hypertriglyceridemia and decreased HDL-C level, as laboratory criteria for MS diagnosis, characterize atherogenicity and are associated with increased risk of CVD. Additionally, hypertriglyceridemia could be the result of insulin resistance. Nevertheless, recent data did not confirm the role of isolated hypertriglyceridemia in the prediction of CVR. As authors mentioned, this criterion could be valid only when combined with the levels of LDL-C and HDL-C \[[@B35-diagnostics-10-00510],[@B36-diagnostics-10-00510],[@B37-diagnostics-10-00510]\]. Also, some authors discuss technical inconveniences related to the requirement of a 12 h fast before taking blood sample for TG and HDL-C analysis \[[@B30-diagnostics-10-00510]\]. In contrast, the measurement of ApoB and ApoA1 does not depend on fasting. Thus, the ApoB/ApoA1 ratio appears to be more valid and suitable in clinical settings than TG and HDL-C levels for the identification of subjects with MS.

In the present study, we estimated that 0.66 (sensitivity 70.1%, specificity 57.8%) and above is an adjusted optimal cutoff point for the ApoB/ApoA1 ratio for discriminating subjects with and without MS after controlling for potential confounding factors in the Kazakh population. The value we determined is similar to that for the Korean population (cutoff = 0.65 \[[@B32-diagnostics-10-00510]\]) but lower than those for the Chinese (cutoff = 0.82) \[[@B27-diagnostics-10-00510],[@B30-diagnostics-10-00510]\] and Greek populations (cutoff = 0.72) \[[@B38-diagnostics-10-00510]\]. These differences can be probably explained by a lower prevalence of MS and/or a lower mean ApoB in Kazakhs compared to Chinese and Greeks. Further research on larger samples is warranted to confirm our study results.

4.2. Limitations {#sec4dot2-diagnostics-10-00510}
----------------

The study has its own limitations which should be taken into account when interpreting the results. Firstly, the study population included only hypertensives, who do not adequately represent the general population. None of the participants were newly diagnosed patients with hypertension but had been monitored regularly by general practitioners for one to two decades, were on medical therapy and were following a healthy lifestyle. Thus, the prevalence of MS and dietary habits in our research cannot be fully generalized. The finding of a "preventive" effect of smoking could also be a result of methodological constraints in our study. Lastly, the optimal cutoff point of the ApoB/ApoA1 ratio was not estimated separately for men and women.

5. Conclusions {#sec5-diagnostics-10-00510}
==============

The diagnostic value of the ApoB/ApoA1 ratio in Kazakhs for MS equals that of TG and is significantly higher than that of HDL-C. Adjusting for gender, smoking, and DQS significantly strengthened the association between MS and the ApoB/ApoA1 ratio in the Kazakh population. Further large-scale studies are warranted to confirm the results of our study, determine the accuracy of ApoB/ApoA1 ratio for the diagnosis of MS, and clarify the role of gender, smoking, and dietary habits.
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diagnostics-10-00510-t001_Table 1

###### 

Basic demographic and clinical characteristics of the study population (N = 704).

  Characteristics               Frequency Distribution   MS, %   *p*-Value          
  ----------------------------- ------------------------ ------- ----------- ------ ---------------
  **Gender:**                   0.0001                                              
  male                          314                      44.6    37.2        53.4   
  female                        390                      55.4    62.8        46.6   
  age (years):                                                                      0.02, 0.01 \*
  \<39                          71                       10.1    8.1         12.5   
  40--49                        216                      30.7    31.5        29.7   
  50--59                        232                      33.0    35.2        30.3   
  60--69                        154                      21.9    22.7        20.9   
  \>70                          31                       4.4     2.6         6.6    
  Education:                    0.43                                                
  Secondary school              92                       13.1    14.6        11.3   
  College                       393                      55.8    55.0        56.9   
  University                    219                      31.1    30.5        31.9   
  Income, KZT/capita/month:     0.52                                                
  \<50,000                      329                      46.7    48.4        44.7   
  50,000--100,000               351                      49.9    47.9        52.2   
  \>100,000                     24                       3.4     3.7         3.1    
  Smoking:                      0.0001, 0.0001 \*                                   
  No                            511                      72.6    79.2        64.7   
  Quit                          61                       8.7     8.6         8.8    
  Yes                           132                      18.8    12.2        26.6   
  Alcohol consumption:          0.56                                                
  No                            411                      58.4    59.4        57.2   
  Yes                           293                      41.6    40.6        42.8   
  Gym class                     0.48                                                
  No                            631                      89.6    90.4        88.8   
  Yes                           73                       10.4    9.6         11.2   
  Hereditary for hypertension   0.03                                                
  No                            292                      41.7    38.1        46.1   
  Yes                           408                      58.3    61.9        53.1   
  Hereditary for CHD                                     0.11                       
  No                            546                      76.6    75.3        80.3   
  Yes                           158                      22.4    24.7        19.3   
  GTT                                                                               0.0001
  normal                        420                      77.8    68.2        90.2   
  abnormal                      120                      22.2    31.8        9.8    
  DQS                           0.01                                                
  Score ≤6                      126                      17.9    14.6        21.9   
  Score \> 6                    578                      82.10   85.4        78.1   

\* *p* for trend of odds; CHD, coronary heart disease; GTT, glucose tolerance test; DQS, Diet Questionnaire Score.

diagnostics-10-00510-t002_Table 2

###### 

Characteristics across quartiles of ApoB/apoA1 ratio.

  Variables                   Quartiles of ApoB/ApoA1   100%    *p*-Value                 
  --------------------------- ------------------------- ------- ----------- ------ ------ --
  Gender                                                0.001                             
  Male                        16.2                      23.3    24.2        36.3   100%   
  Female                      32.1                      26.4    25.6        15.9   100%   
  Smoking                                               0.001                             
  no                          28.0                      27.0    24.7        20.4   100%   
  quitted                     13.1                      20.0    24.6        42.6   100%   
  yes                         18.9                      19.7    26.5        34.9   100%   
  Degree of hypertension                                0.05                              
  1                           30.6                      27.2    17.5        24.8   100%   
  2                           23.7                      23.4    28.7        24.2   100%   
  3                           19.7                      26.2    26.2        27.9   100%   
  HDL-C, quartiles (mmol/L)                             0.001                             
  Q1 min/1.14                 2.3                       9.8     31.0        56.9   100%   
  Q2 1.15/1.37                10.7                      29.2    32.0        28.1   100%   
  Q3 1.38/1.67                27.3                      34.3    26.7        11.6   100%   
  Q4 1.68/max                 58.9                      26.7    10.6        3.9    100%   
  TG, quartiles (mmol/L)                                0.001                             
  Q1 min/0.85                 56.7                      27.8    12.7        2.9           
  Q2 0.85/1.14                24.2                      34.1    28.6        13.2          
  Q3 1.14/1.69                15.3                      26.7    31.8        26.1          
  Q4 ≥1.7                     4.1                       11.0    26.6        58.4          
  BMI categories (kg/m^2^)                              0.001                             
  \<24.9                      42.4                      22.9    22.2        12.5   100%   
  25.0--29.9                  23.0                      27.5    24.9        24.6   100%   
  ≥30                         17.7                      23.1    26.7        32.6   100%   
  DQS                                                   0.5                               
  ≤6                          24.6                      26.2    20.6        28.6          
  \>6                         25.1                      24.7    26.0        24.2          

HDL-C, high-density lipoprotein cholesterol, TG, triglycerides, BMI, body mass index.
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###### 

Crude and adjusted odds ratios (ORs) of metabolic syndrome (MS) for 25, 50, 75% quartiles of the ApoB/ApoA1 ratio.

  ------------------------------------------------------------------------------------------------------------------------------------------------------------
  Number of Observations   Quartiles of ApoB/ApoA1 Ratio   Adjusted for   Model          *p*-Value of Trend                                           
  ------------------------ ------------------------------- -------------- -------------- -------------------- ----------------------------------- --- --------
  704                      baseline                        2.12 ^†^\      3.31 ^††^\     4.73 ^††^\           Crude                               1   0.0001
                                                           (1.38; 3.2)    (2.13; 5.12)   (3.01; 7.42)                                                 

  704                      baseline                        2.57 ^††^\     4.23 ^††^\     7.94 ^††^\           Gender                              2   
                                                           (1.64; 4.03)   (2.67; 6.72)   (4.81; 13.11)                                                

  704                      baseline                        2.60 ^††^\     4.21 ^††^\     8.12 ^††^\           Gender + DQS                        3   
                                                           (1.65; 4.08)   (2.64; 6.69)   (4.90; 13.46)                                                

  704                      baseline                        2.5 3 ^††^\    4.29 ^††^\     8.31 ^††^\           Gender \* + DQS ^ψ^ + Smoking ^ϒ^   4   
                                                           (1.61; 3.98)   (2.69; 6.85)   (4.99; 13.84)                                                
  ------------------------------------------------------------------------------------------------------------------------------------------------------------

^†^ Wald *p* \< 0.001; ^††^ Wald *p* \< 0.0001; \* likelihood ratio test (LRT); gender *p* = 0.0005; ^ψ^ LRT DQS *p* = 0.05; ^ϒ^ LRTsmoking *p* = 0.001.
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###### 

Unadjusted and adjusted ROC areas for TG, ApoB/ApoA1, ApoB, and HDL-C for MS diagnosis.

  ---------------------------------------------------------------------------------------
  Variable         Crude AUC (95% CI) Continues   *p*-Value \*\^   Adjusted \*\*\*\
                                                                   AUC\
                                                                   (95% CI) Continues\
                                                                   Gender, DQS, Smoking
  ---------------- ------------------------------ ---------------- ----------------------
  TG (reference)   0.69 (0.65; 0.73)              \-               0.72 (0.69; 0.76)

  ApoB/ApoA1       0.67 (0.63; 0.71)              0.27 \*\         0.71 (0.69; 0.74)
                                                  0.72 \^          

  ApoB             0.65 (0.61; 0.69)              0.02 \*\         0.67 (0.63; 0.71)
                                                  0.08 \^          

  ApoA1            0.40 (0.36; 0.44)              0.0001 \*\^      0.37 (0.33; 0.41)

  HDL-C            0.33 (0.29; 0.37)              0.0001 \*\^      0.27 (0.23; 0.31)
  ---------------------------------------------------------------------------------------

\* *p*-value standard. \^ *p*-value by Sidak correction. \*\*\* After adjustment for gender, DQS, and smoking.
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###### 

Sensitivity and specificity of ApoB/ApoA1 ratio, TG, HDL-C, ApoB, and ApoA1 in the diagnosis of MS.

               Cut off Point   Crude   Cut off Point   Adjusted \*           
  ------------ --------------- ------- --------------- ------------- ------- -------
  TG           1.05            69.27   55.31           1.01          72.92   52.19
  ApoB/ApoA1   0.68            67.19   60.62           0.66          70.05   57.81
  ApoB         0.98            65.10   55.0            0.96          67.71   51.25
  ApoA1        1.46            40.89   44.06           1.49          37.50   48.12
  HDL-C        1.45            33.85   43.44           1.51          27.60   49.07

\* Adjusted for age and sex.
